Transmitter is maximum +20 dBm at a distance of 50m at -66.6 dBm. Therefore, Pulse Sensor data will be displayed on the Web Page and stored in the MySQL database using Raspberry PI 3 as the Internet Gateway.
I. INTRODUCTION
Heart rate is an important thing that can be one of the first indicators for patients as a doctor uses a stethoscope. The normal range for Pulse sensor between 60-100 beat per minute (bpm), there are two conditions for abnormalities in the heart i.e. Bradycardia and Tachycardia. If the heart conditions are abnormal, consequently, the blood flow will also be disrupted, this disorder is Arrhythmia, i.e. the heartbeat conditions are too slow heartbeat (Bradycardia), too fast heartbeat (Tachycardia) or irregular or variable conditions. The parameters that can be calculated are signal strength (RSSI) and Weakening signal (PathLoss) using ZigBee.
In this research, node sensors are sent using Pulse sensors through the Free Space area, there are multi-hop sensors that are interconnected and therefore, the closest sensors will send pulse data to the edge node, and edge nodes then send pulse sensor data to Raspberry Pi 3 as an internet gateway.
ZigBee or IEEE 802.15.4 Protocol technology was developed for the medical field, Zigbee specification is a light and comfortable prototype for patients, i.e. a pulse detection system using pulse sensors, the ability coordinator node to collect pulse sensors simultaneously without being discovered 3 (tree) nodes [1] . Zigbee has a frequency of 2.4 GHz and a data rate of 250 kbps, this is low bandwidth and is right for the Wireless Sensor Network, Zigbee has the ability to transmit data up to 100 meters.
Perception Layer is a ZigBee Communication System that is used i.e. Star, Tree, and Mesh Topology Fig. 4 , from this communication system traffic data, can be analyzed from End Device Node, Router Node and Coordinator Node, this data traffic includes Quality Of Services (QoS) i.e. Throughput, Packet Loss and Delay, and Radio Frequency (RF) capabilities in sending data indicated 21`y Radio Signals Strength (RSS) or Radio Signals Strength Indicator (RSSI) [2, 3, 4, 5, 6] . at previous research testing the performance of Raspberry Pi 3 in capturing radio waves with the Master-Slave system using an RF Bluetooth RN-42 device in sending multi LM35 sensor data, accordingly in this research study the RSSI value is different from the environment can be monitored, from this study obtained the value of precise RSSI [7, 8, 9, 10] , furthermore, the next research will be developed of sensor node using a multi-sensor (pulse and blood Pressure sensor). In addition to Zigbee, the wider Wireless Sensor Network device is GSM SIM900A [11] with Ultrasonic sensor data which is often referred to as WMAN.
Furthermore, the development of Wireless Sensor Network technology is applied to UnderWater, which is called the Underwater Wireless Sensor Network (UWSN). In research [12] the analysis was carried out by measuring RF strength with Path Loss Parameters, Velocity of Propagation, absorption loss and the rate of signal loss in a different underwater environment.
The Wireless Sensor Network on this research must be robust and have low power consumption for each node, because the Wireless Sensor Networks to be built are very numerous and interconnected, in this case, at the free Space. Therefore, routing techniques are needed on the Wireless Sensor Network architecture. Routing Protocol for Low Power and Lossy Network is routing that is used on IEEE 802.15.4 or www.ijacsa.thesai.org Zigbee protocol devices, Zigbee in this research is used on sensor nodes which will then function as senders of pulse sensor data. The pulse sensor type used is as in Fig. 1 . Therefore, in this research there are two stages of research, 1) examine data transmission on sensor nodes with multi-hop networks. 2) Sending data to the coordinator node to the server at a certain distance with Pathloss and RSSI parameters in free space. The development of this research is towards an Internet of Things, because it is expected that this pulse sensor data can be an indicator for patients who want to check heart rate comfortably without having to go to the hospital, [7] in previous research the authors developed IoT using multisensor LM35 and Raspberry Pi 3.
Path Loss (PL) [13, 14, 15 ] is a weakening of Radio Frequency (RF) wave signals (in this research using ZigBee), which is caused by obstacles during the sending process from transmitter antenna to the receiving antenna, PathLoss (PL) [16, 17] is one of the indicators used to determine whether signal strength is good (dB) [18, 19] the external environment is influenced by Free-Space Path Loss (FSPL). Furthermore, Free-Space Path Loss (FSPL) [20, 21] measured using the Received Signal Strength Indicator (RSSI) technique using a module Zigbee. accordingly, there are two methods used to represent the results of PathLoss, i.e. in the condition of n = 2 or free space, PathLoss is called FSPL (Free Space PathLoss) in outdoor conditions (no space) or no interference, such as other radio waves, in conditions, when the signal is emitted with a known variable from the antenna height which has an impact on reflecting the ground or reflected waves, and the second method is sending data from the edge node to Internet Gateway and pulse data storage in MySQL Database using Python language and HTML and JASON to display graphs on web pages and about IoT Security has not been discussed in this research.
II. RELATED STUDIES
Muhammad Niswar, Amil Ahmad Ilham, Elyas Palantei, Rhiza S. Sadjad, Andani Ahmad, Ansar Suyuti, Indra Bayu, Zaenab Muslimin, Tadjuddin Waris, and Puput Dani Prasetyo Adi [1] , in their research entitled performance evaluation of ZigBee-based wireless sensor networks for patients' monitoring pulse status, this research is included in the Wireless Body Area Network (WBAN) other than Bluetooth, furthermore, from this research the performance of Zigbee as a sender of pulse sensor data is multiplexed or using the star network topology which causes a bottleneck in the coordinator node that functions as the receiver or antenna receiver. Finally, from the 5 sensor nodes that are sent together to the Coordinator node, they cause a loss when sending sensor data with 4 sensor nodes, so a maximum of only 3 sensor nodes or ZED can send data in full or maximum to the Coordinator node with a less than 30 distance meter. 
III. METHODOLOGY

A. Pulse Sensor
The pulse sensor used to detect Heart rate, there are 3 colors of the pin cable, e.g. the red cable for VCC equal to 3.3 -5 Volts DC and Working Current is 4 mA, black cable for GND and purple color cable for Signal, if the Green LED in the middle of the circle pulse the sensor lights up indicates the Pulse Sensor is ON or active. Accordingly, the Pulse signal sensor is entered on the Analog A0 Pin Arduino pro mini. In this research, Waveform Heartbeat can be shown using an Integrated Processing Development of Environment (IDE) that is integrated with Arduino Pro mini-IDE. This electronic pulse sensor uses a green LED that continuously emits light to the skin. As long as the heart beats, consequently, blood waves flow into the skin capillaries so that light absorption occurs extra during that period. And the process of absorption of light is considered to represent beats heart. Fig. 1 shows three views of a pulse sensor, which is front, back and enlarged, therefore, this is an important part of the pulse sensor that needs to be highlighted in this research [24] .
B. Heart Beat Data Heart Beat Data
Pulse Wave or Photoplethysmogram (PPG) from Pulse sensor is shown in Fig. 2 . It seems that a person's heart rate is 80 BPM, which means that the heartbeat of a normal person is a range of 60-100 BPM [1, 24, 25] . Point T is the starting point of forming a PPG signal, and point P is the peak point of the pulse wave amplitude. The percentage value of 25% and 50% shows the magnitude of the Amplitude value generated on the pulse sensor. www.ijacsa.thesai.org 
C. Heartbeat or Pulse
Arrhythmia is an abnormal condition in the heart, which is a slow pulse (Bradycardia), too fast (Tachycardia) or an everchanging or irregular pulse. Accordingly, the heart rate is 60-100 BPM (beats per minute) [1] . Bradycardia is a condition of the heart rate below 60 BPM or below Normal, consequently, the condition causes a person to experience fatigue, weakness, dizziness, sweating, and fainting [1, 24, 25] . Conversely, Tachycardia is a condition of the heartbeat that is above 100 BPM or above normal, the condition of the heartbeat is too fast. Consequently, someone who has Tachycardia is dizzy, heart palpitations are very fast, fainting, mild headaches, shortness of breath, fatigue, in extreme situations sufferers can experience unconsciousness and Cardiac arrest. Moreover, the classification of heartbeat conditions is shown in Table I This pulse sensor data will be sent by the sensor node in the form of packet data (bytes) that can be monitored using X-CTU software. The different distance comparisons will be used as parameters for determining Quality of Service (QoS) from the sensor nodes in this research. The QoS analyzed include Throughput (Kbps), Packet Loss (Packet), Receive Signal Strength (RSSI) and Path Loss (dB) as a result of transmitting sensors data. Accordingly, the test area is Free Space value of Path Loss exponent (n) = 2.
D. Zigbee S2c
Zigbee works on the 2.4 GHz frequency and includes the IEEE 802.15.4 protocol, Zigbee is an RF device that uses a low voltage of 2.1-3.6 Volt, generally on the ZigBee module is 3.3 volts, with Low current RX consumption is 18.8 mA and Tx is 17.4 mA, 9 dB of ZigBee gain and Average RF Power Transmitter (Pt) Zigbee is 14.77 dBm, with a data rate of 250 kbps. Zigbee has many types, e.g. Zigbee S1 and ZigBee S2, ZigBee S1 are compatible RF devices with a point to point and point to multipoint, commonly referred to as star networking, while ZigBee S2 (Fig. 3) is an RF device compatible with mesh networking, usually used as a router. On a mesh networking, ZigBee has the ability to communicate between routers. In this research, ZigBee S2c is compatible with the Mesh Network. ZigBee is a Radio Device that emits radio waves in all directions where there is a request from another radio in a collection of sensor nodes so that the ZigBee antenna belongs to the isotropic type. Furthermore, ZigBee is also included in the Ad-Hoc Networking category because ZigBee is a collection of mobile Nodes in accordance with the ZigBee capacity is compatible with the Mesh Network or only a tree or star network. Fig. 5 Clustering method is used to group nodes based on the closest distance and form clusters and lifts 1 cluster head (CH), therefore, Cluster Head is called Sink which is tasked with sending data of all node members to 1 cluster to Edge Router.
E. Routing Protocol for Low Power and Lossy Network
Routing Protocol for Low Power and Lossy Network (RPL) is a type of routing protocol based on the Destination Oriented Acyclic Graph (DODAG). DODAG is a special kind of DAG where each node wants to reach a single destination. The advantages of the Routing Protocol for Low Power and Lossy Network (RPL) are each embedded device or sensor node i.e. IEEE 802.15.4 or Low-Power Wi-Fi in large quantities can be connected effectively and optimally seen from limited power, memory, and processing resources. Accordingly, Fig. 6 (a) and (b) are examples of DODAGs built using the Contiki cooja simulator.
The simulation in this research consists of Layer, Protocol and standards that are used to build simulation nodes, in detail can be seen in Table II [26] . The essence of RPL is an attempt to manage the energy or lifetime of a node. 
F. Pulse Sensor Node on IoT Architecture
The architecture that will be built is shown in Fig. 7 . There are two main analyzes, i.e. transmit sensor nodes on multihops which are indicated by setting the router node to EDGE router or sink. The first analyzes are the Quality of Services (QoS) this is an area to calculate the path loss and Receiver Signal Strength parameters. Furthermore, the next stage after the data arrives at the EDGE Router, the analysis is carried out on the Internet Gateway, setting up the MySQL database and display on the WEB so that any devices can see in real-time the Pulse Data sensor [27] . At this step is a need of an analysis of Reability and Energy Consumption in IoT.
G. Hardware
Zigbee Sensor nodes in this research shown in the following Fig. 8 , built from a pulse, this sensor has been built from Arduino pro mini microcontroller and XBee S2c, this sensor node is ZED (ZigBee End Devices). In this node sensor prototype use 8x2 I2C LCDs and 3 LED colors with each 220 ohm resistor, the indicator espouse to read the patient's pulse condition. Furthermore, Logic Level Converter (LLC) is used as a regulator, LLC consists of several Pin High voltage i.e. 5 Volt and Low Voltage 3.3 Volt Pin. accordingly, which requires a 3.3 volt voltage is an 8x2 I2C and XBee S2c LCD, the pulse sensor can use 3.3 volts or 5 volts, furthermore, the battery used as a power supply is a 3.7 volt 1000 mAh battery type, while the FTDI 232 is used as an Arduino Pro mini board programmer from Arduino Integrated Development Environment (IDE) that uses C++ programming language, the library such as library pulse sensor, LCD and interrupt to calibrate the results of Pulse sensors, Precise material selection will make it convenient to use nodes for patients. Table III shows the hardware functionality of the sensor node. 148 | P a g e www.ijacsa.thesai.org Actually the role is not important after the program upload process on Arduino pro mini, so it can be separated and the sensor node only uses the function of Arduino Pro Mini, but FTDI 232 is still useful besides being a bootloader, which is to supply 3.3 volts of power on ZigBee and 8X2 LCD. The role of supplying power to the node of this sensor is a 3.7 Volt 1000 mAh battery. The display of the prototype can be seen in Fig. 9 . Accordingly, the position of the node or ZigBee end device is on it is necessary to see the color classification, there are three conditions, e.g. normal, represented in green (60-100 BPM), bradycardia (BPM >44 & <60 BPM) or (BPM >100 & <116) represented in yellow or a minor condition and Major or tachycardia (BPM<44 & >116 BPM) are represented in red, therefore, classification can take place easily from pulse indications. Fig. 10 is a sensor node that will be used in mesh networks using the Routing Protocol for Low Power and Lossy Network (RPL). This RPL is done using the simulation software with the IEEE 802.15.4 protocol. With the specifications of the 3.7 Volt Battery node 1000 mAh, and load calculations e.g. XBee = 27 mA (TX Mode), LCD 8x2 = 2 mA, Arduino Pro mini 40 mA, FTDI232 is 50 mA and Pulse 5 mA, then total load is 124 mA. With a 5 Volt Voltage, then the Power is Voltage x Current = 5x0.124 is 0.62 Watt. Then I = 0.62 W / 3.7 Volt = 0.167 Ampere. Therefore, the power Consumption is 1000 mAH or 1AH / 0.167 A = 6 hours, this measurement is shown in Fig. 11 .
H. Equations of Received Signal Strength (dBm) and Path Loss (-dB) of IEEE 802.15.4 Zigbee
Zigbee is a Radio Frequency (RF) device of 2.4 GHz or 2400 MHz, so the wavelength (λ) of zigbee is 0.125 meters, this value is obtained from λ = c / f, where c is the speed of light which is 3x108. Power receiver (dB) will always weaken if distance (d) gets farther away equation (8), then the initial Power Receiver (Pr0) when d = 1 m, can be seen in equation (1), equation (2) . [3] The first test parameter is RSS (dBm) in the Free Space state, where the value of the exponent (n) of Free Space is 2. The value of the Receiver Signal Strength (RSS) results from the comparison of equation 10 and at the time of experiment or measurement in the field, while attenuation generated from equations 6, 7 and 8. 
C is a constant value that is responsible for wireless attenuation in the Free Space condition which is worth 27.5. 
In Zigbee Datasheet Zigbee, attenuation in free space has a different value in equation (6) .
L Free Space_2450 MHz = -(33 log d/8 + 58.5)
In Fig. 15 shows the attenuation of Zigbee based on the value of d which is getting bigger, so that the value of L Free Space (-dB) is getting bigger as well. In fact, on experiment 1 and experiment 2 Attenuation is affected by noise when transferring data on the Zigbee transmitter sensor to zigbee receiver sensor so that the data is not so smooth, but in outline decreases (-dB) or PathLoss value gets bigger. In Fig. 10 at a distance of 1 m Pathloss shows an average value of -35 dB and at a distance of 50 m Pathloss average value of -75.4 dB. So that after the attenuation value (-dB) has been found, the Pr value (Power Receiver (dBm) can be determined by equation (7) .
Assuming the antenna gain for both transmitter and receiver is 0 dB (1 mW) on the Zigbee specification, on free space propagation is formulated in equation (8) . And for indoor propagation condition is shown in equation (9). 
The specification of the Zigbee Power Transmitter datasheet shows the value of 0 dBm for Low Power and + 20 dBm for High Power Transmitters so that you can make a comparison chart. An example of sending data from the TX Zigbee pulse sensor Node to this RX Zigbee sensor node is shown in Fig. 12 . 
I. DODAGs of Sensor Nodes Power Consumption Analyze
In this research using Routing Protocol for Low Power and Lossy Network (RPL) analysis [7] , so that the value of traffic sensor nodes can be generated in detail. During the simulation, the Sensor node or IEEE 802.15.4 parameter needs to be included in the simulated parameters, so the results can be compared with the experiment. In accordance with the Zigbee S2c specifications used in this research, the ZigBee 2.4 GHz frequency, the ZigBee data rate is 250 kbps, and the transmission rate is 10-100 meters on Line-of-sight area. in this simulation, the transmission rate (Tx) range is 50 meters. Please note that when the sensor data reaches the sink, the analysis process continues at the next point. At the sensor node, when on the Tx range other sensor nodes are worth 100%, meaning that they are included in the sink range or other sensor nodes that are the router, and the maximum distance is 50 meters. If the distance is > 50 meters, the sensor node is not detected and cannot be analyzed, consequently, the sensor node is required to enter in the range of 50 meters. Therefore, in the simulation of sensor nodes that enters the range of 50 meters indicated by a value of 100%. The Power Consumption test parameters on the sensor node used include CPU, LPM, Radio Transmit (Tx) and Radio Listen (Rx).
Header File Code to represent the Value of Power Consumpsion each sensor node
public static final long TICKS_PER_SECOND = 4096L; public static final double VOLTAGE = 3; public static final double POWER_CPU = 1.800 * VOLTAGE; /* mW */ public static final double POWER_LPM = 0.0545 * VOLTAGE; /* mW */ public static final double POWER_TRANSMIT = 17.7 * VOLTAGE; /* mW */ public static final double POWER_LISTEN = 20.0 * VOLTAGE; /* mW */
-------Power Consumption Spesification of Sensor nodes ---------(10)
Equation the energy Consumption of Sensor node and relationship with time *CPU energy:* cp = c*1.8/tm *LPM energy:* lp = l*0.0545/tm *Transmit energy:* lt = t*17.7/tm *Listen energy:* lr = r*20/tm *Total energy:* n = cp+lp+lt+lr tm = c+l where: *tm* is the total time, *c* is the time that the CPU was used. *l* is the the time that the sensor was in Low Power Mode (LPM) *t* is the transmit time and *r* is the Listen time
-------Energy Consumption equation of Sensor nodes ---------(11)
In this research, the approach is carried out if there are many nodes that are interconnected with node specifications that have specifications in equation (10) and equation (11) . With the DAGs and DODAGs method by setting the Sink number in the Clustering system, furthermore, how does the power consumptions affect and the analysis of changes in the position of nodes on the Routing Protocol for Low Power and Lossy Network (RPL) topology, the aim is to get a low Power Consumption on each node, furthermore, that the Average Average Power Consumption (mW) is obtained. Consequently, the test is done by setting the node position in DODAG's Directed Acyclic Graph (DAG) and Destination (DAG).
In Fig. 13 , the router node (node 3) has a different task, namely as a router node for all nodes joined in the DAGs topology. In this case, the Router node must have more Power to receive all data multiplexing from the data end nodes.
While in Fig. 14 , divide the Router node into two nodes, namely Router node (2) and node (11) with the same number of nodes in Fig. 13 and Fig. 14, i .e. 10 sender nodes and 1 node coordinator (sink). This decreases the Power needed by the Router node to send sensor data to the coordinator node (sink). Fig. 17 and Fig. 18 show that Power Consumption is needed for each node, so that conclusions from 2 DODAG topology can be obtained which is the most appropriate to be applied when sending pulse sensor nodes in this research.
In Fig. 17 and Fig. 18 , there is a significant difference between Topology DODAG 1 ( Fig. 13 ) and DODAG 2 (Fig. 14) , this difference is seen from the energy consumption required by the sensor node in communicating and sending data to other nodes (neighboard). In Fig. 17 , the power consumption required by node 3 is much higher than the other 10 nodes, this is because node 3 is the directed node or the router node that sends all nodes to the sink or coordinator node. Consequently, Average Power consumption in Fig. 17 can be seen in Fig. 19 , and the Average in the Power Consumption of 2 Router node can be seen in Fig. 20 . 3) this is indoor position. The average of the 4 equations at a distance of 1m is -30.9 dBm and at a distance of 50m is -78.9 dBm. Fig. 16 shows the value of the Power Receiver (dBm) based on the distance and value of the Power Transmitter if using the minimum Pr value (0 dBm) and Pr value (+20 dBm) at different distances. Fig. 16 is Comparing Graph from the Calculation value in equation (7) and the Power Receiver (dBm) generated from the experiment in the field using the Digi X-CTU Zigbee software. Fig. 19 and Fig. 20 are Average Power Consumption on 1 Router node and 2 Router nodes; sampling is for 10 minutes in both experiments on 1 and 2 Router nodes. From the experiment it can be concluded that using 1 Router Node will use Power Consumption greater than using 2 router nodes, with 1 router node that handles 10 sender nodes requires 1.35 mW Power Consumption while with 2 routers it can be reduced to an average 1 mW Power Consumption. In Fig. 21 , Nodes 22, 23, 24 and 26 are Router nodes whose task is to send data from end devices to communicate with the coordinator node.
The conclusion that can be generated from analysis at Fig. 21 is that the more sensor nodes are in the position of end devices with a large number of hops that will not affect power consumption, however a power consumption is influenced by the number of end nodes handled by the node, for example, nodes 15 and 26 are nodes most in the DODAGs topology which has the highest number of nodes than the node handled by other Router nodes, see in Fig. 22 . What is different is that node 15 has a number of hops 2, meaning that its position is not as a router but as a node rank = 2, see in Fig. 23 .
In this section, the Pulse sensor data is in the Node Coordinator and is ready to be transferred to the MySQL database via the Python Language platform on the Internet Gateway. The internet gateway used is Raspberry Pi 3. Python language sends pulse sensor data to the MySQL database, then the data is sent from the MySQL database to HTML and JASON so that the pulse sensor data can be seen in real-time on the Internet, Fig. 24 , according to the Internet of things architecture in Fig. 7 . 
V. CONCLUSIONS
The Quality of Services (QoS) from a Zigbee pulse sensor node can be seen from the parameters i.e. Pathloss (Attenuation (-dB)) and Power Receiver (Receiver Power Strength (dBm)), in this case, ZigBee PathLoss (-dB) on Free Space area will be represented by 1-50m distances, consequently, the average of the 4 equations at a distance of www.ijacsa.thesai.org 1m is -30.9 dBm and at a distance of 50m is -78.9 dBm. Furthermore, the average Power Receiver (dBm) on Free Space in 1-15m distances for Zigbee is -66,671 dBm. In the IEEE 802.15.4 routing sensor, the sensor node shows with 1 router node and the 10 sender nodes handle require 1.35mW Power Consumption, this can be concluded that the more router nodes the sensor is Power Consumption will be lower, this is because the load given is not based on just one router node. Sending data from Sink node or EDGE node to Internet Gateway has been successful. Sensor Pulse Data is successfully stored in the MySQL database and displayed on the Web in real-time.
VI. DISCUSSION AND SUGGESTIONS
This research will be applied to the Monitoring Health Patient Status, as long as there is internet connection, the Patient data e.g. Pulse will be very easy to obtain. In this research discuss about the performance of Zigbee devices at a distance of 50 m with the Coordinator node or receiver connected to the Raspberry Pi 3 as an internet gateway. Analysis of future research will also discuss the comparison of topology in ZigBee in the free space area so that the data pulse will be analyzed based on details of QoS based on the ZigBee topology and its impact on the ZigBee coordinator node. Furthermore, the data pulse for the ZigBee coordinator node will be sent via Raspberry Pi 3 as an internet gateway using Python Programming. This research still has to be developed with the analysis of the Internet of Things Protocol and Security Methods of the Internet of Things. Comparison of 6LOWPANs, Zigbee and LoRAWAN can be done in the next research. Development of the Routing Algorithm needs to be done to obtain a low Energy Consumption value on the Sensor node.
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